The linear theory of the generation of electrostatic bursts of noise by electrons trapped in chorus wave packets is developed for a finite temperature electron beam and a Maxwellian electron and ion background. The growth rates determined are qualitatively in good agreement with those obtained by previous authors from a more idealized model. Two connected instability mechanisms seem to be occurring: a beam plasma (electron-ion two-stream) instability commonly associated with intensification of the chorus power levels, and a transitional or borderline resistive medium instability commonly associated with chorus hooks. The physical reasons Ior the two mechanisms is discussed. In the second case, electron beams are difficult to identify in the particle data. An expression is obtained for the maximum growth rate in terms of the ratios of the beam and electron thermal velocities to the beam velocity and of the beam density to plasma density. It is anticipated that this may allow the observed peak in the electrostatic noise spectrum to be used as a diagnostic for the beam characteristics.
INTRODUCTION
In recent papers, Reinleitner et al. [1982, 1983] presented data showing the generation of electrostatic waves by electrons trapped in chorus wave packets. This was explained on the basis that the phase velocity of the chorus wave packet changes with the local plasma conditions and magnetic field, resulting in acceleration of the trapped particles. The acceleration process was considered in more detail in a more recent paper . Acceleration shifts the trapped particles in velocity space, so that they produce a "bump" (beam) superimposed on the untrapped or background electrons. Thus, a beam instability results that can drive electrostatic waves.
The model that Reinleitner et al. used to compute the spectrum produced by the instability was that of a resonance (Lorentzian) distribution of electrons and a delta function (zero temperature) beam distribution in velocity space. From this they concluded that a "resistive medium" (negative energy) beam instability was involved. It is the purpose of the present paper to develop the theory from a more realistic model, with the objective of putting the interpretation of the data on a firmer foundation. The principal conclusions of are qualitatively confirmed, except for the interpretation of the particular instabilities involved in the elec- In the case that is being considered here, VO/Ve < 1, the beams are very difficult to separate from the bulk of the distribution function since they occur close to the center of the distribution function. In addition, these electron beams are expected to be highly variable in time so that they will often not be sampled by the LEPEDEA plasma instrument. However, (13) combined with other indirect data may be adequate to determine the properties of such electron beams in the resistive medium case. The thermal velocity Ve can be estimated from the LEPEDEA data. The beam thermal velocity Av can be estimated from the amplitude of the potential or electric field of the chorus (see equation (2)). The plasma frequency beam density (2)pe can be estimated from the continuum radiation cutoff (which is just another measurement of the electron density), and (2) 
Electron-Ion Two-Stream Instability
This is the case exhibited in Figure 1 and is just the wellknown beam plasma instability. The case will be treated here as a review for those who may be unfamiliar with this beam instability. We will assume %2 >> Ve 2 to simplify the analysis.
Then we may use the small argument approximation, equation (4), to the plasma dispersion function in equation (5) Thus in that case the second-term of (17) is totally negligible.
However, for kvb • (Dee, h(kvb) << 1 and the second term of (17) is not negligible. In both cases h((D)< 0 and the right-hand side of (15) is negative for Av:/vb 2 < r/, so that an instability exists for all (D to (Dpe provided that criterion is satisfied. For kv• > (Dye, the right-hand side is positive, so only a stable
propagating mode with normal Landau damping occurs.
For k2vb 2 << (Dpe 2 we have h((D) -• h(kv•) and Ih(kv•)l >> •, so that (Dr • kvb + •(r/•/h2) (19) + 3 -Av2}'/2 h((D) •--h((Dpe ) -•-((_1) -(Dpe)h'((Dpe)
For kv b ,• (Dpe, (24) • is just the normal (electron Landau damping, given by (10)). Equation (23) gives the frequency at which the growth rate is a maximum, so that it is analogous to (13). This is plotted as a function of V•/Ve for various • in Figure 6 . In principal, one might use the theoretical prediction to try to extract information on the beam from the spectrum. But in this case, the beam characteristics show up quite clearly in the particle data, as in Figure Several examples of electrostatic bursts associated with chorus hooks were given in the work of Reinleitner et al. [1983] . The spectrum in this case is different than for the chorus intensification associated bursts. The spectrum does not usually extend up to the plasma frequency and often peaks near 0.5 fpe or less. Furthermore, the bursts tend to be shortlived, normally having a lifetime of a second or less. The spectrum is consistent with a resistive medium instability or an instability on the transition between resistive medium and beam-plasma (see Figures 3, 4, and 5) .
The reasons for the two different types of bursts, apparently associated with two distinct characteristic chorus waves, can be explained as follows. When the chorus hooks are present, the spectrum is spreading rapidly to higher frequencies. As this happens, co/k •, x//-• also increases rapidly, trapping and accelerating particles in the right velocity range. In this case, the frequency at the beginning of the hook may be sufficiently low that co/k lies more on the main part of the distribution function than the tail. Since the phase velocity changes rapidly the wave quickly traps and accelerates enough particles to create a significant bump in velocity space before moving very far in velocity space. Thus vb •</)e when the instability develops. After co ceases to rise, the trapping rate drops drastically, the particle "bump" quickly becomes detrapped, and the instability ceases.
In 
SUMMARY AND CONCLUSIONS
The growth rates for a finite temperature beam of chorus trapped electrons in a Maxwellian plasma were determined for both the resistive medium (vb < re) and beam-plasma (vo > re) instability cases. These results are qualitatively in good agreement with those of Reinleitner et al. [1983] , except in the conclusion as to the relative importance of the two mechanisms. The beam-plasma (electron-ion two stream) instability was found to be associated with the long-time electrostatic bursts generated during the gradual intensifications of the chorus. A borderline resistive medium or a transitional resistive-medium beam-plasma instability is associated with the chorus hooks. The physical reason for the apparently different mechanisms in the two cases was explained in terms of the initial phase velocity of the wave and the acceleration mechanisms in each case.
For the case of the chorus hooks, beams are normally not detectable in the particle data. The maximum growth rate was determined as a function of the ratios of beam and electron thermal velocity to beam velocity and beam density to plasma density for the case of a resistive instability. This may allow the observed peak in the electrostatic noise spectrum to be used as a diagnostic for beam properties in this case. In particular, everything in the expression for the maximum growth rate is capable of being estimated except possibly the beam velocity or the beam density. Thus the spectrum may be used as a diagnostic for beam velocity or density in such cases.
